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A shallow submarine hydrothermal system at 22 m depth in Tachibana Bay, Nagasaki, Japan was 
studied. Submarine hot springwaters and sediments of the vent sites were collected for analyses of 
chemical composition. Temperature of the submarine hot springwater at the vents was measured at 
70～80ºC, and clear decreases in pH and salinity were observed in relation to surrounding seawater. 
Si(OH)4, NH4
+ and Mn were enriched in the submarine hot springwater, but Fe was relatively low 
compared with the onshore hot springwater near the coast. Black-color sediments with high 
concentrations of Fe, S, Sb and As indicate the preferential removal of Fe relative to Mn during 
transportation of the hot springwater under the seafloor. Supply of inorganic nutrients such as NH4
+ 
from the vents may stimulate phytoplankton production near the shallow submarine hydrothermal 
system during the stratified summer. 
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Fig. 1 Location of the observation area of the
hydrothermal system in Tachibana Bay, Nagasaki,
Japan. Upper right panel: ●, Sampling site of
submarine hot springwater; ■, the onshore Obama
hot-spring facility. Lower panel: ●, Location of
the gas bubbles observations in  March 1991 (No.1-
6)*1, September 1994 (No.7-10)*2, July 2003 (No.11)*3,
and May/August 2011 (No.12).4) 
Fig. 2 Underwater photos of the submarine hot
springwater sampling sites (22 m depth) near the
Obama harbor in Tachibana Bay. a) hot
springwater vent, b) temperature measurement, c)
springwater sampling using a polypropylene
syringe with a Teflon tubing, and d) sediment core
sampling using a polypropylene pipe. 








































Table 1 Chemical composition of the submarine hot springwaters and surrounding seawater collected near the 
Obama harbor in November 2015. 
Fig. 3 Nutrients and heavy metals concentrations of the
surrounding seawater and the submarine hot
springwaters collected near the Obama harbor in
November 2015 (this study), and those of the
onshore hot springwater of the Obama hot-spring
















































































Fig. 4 Scatter plots of nutrients and heavy metals
concentrations of the surrounding seawater and
the submarine hot springwaters against salinity.
Dotted lines and numerical formulas are linear
regressions for each parameter. 













Fig. 5 Photos of sediment core samples (29 mm diameter)
collected at the sampling sites of the submarine hot
springwaters (SHS-A ～ C) and the surrounding
seawater (SS) in November 2015. Upper panel, side




(%) ±52.61 1.45a) ±50.75 2.58 ±51.05 2.12 ±46.81
Al
2.52
(%) ±22.91 ±26.252.53 2.11 ±27.33 1.52 ±23.93 1.08
Fe (%) ±8.41 0.94 ±8.25 0.74 ±7.38 1.67 ±11.84 1.50
Ca (%) ±7.66 1.19 ±7.24 1.62 ±7.11 0.68 8.18 ± 0.38
Cl (%) ±3.08 0.45 2.02 ± 1.40 ±0.793 0.917 0.363 ± 0.725
K (%) ±3.06 0.26 ±2.74 0.42 3.40 ± 0.79 ±2.81 0.64
Ti (%) ±1.46 0.15 1.64 ± 0.20 ±1.54 0.37 1.69 ±
S
0.31
(%) 0.387 ± 0.261 0.502 ± 0.371 0.744 ± 0.333 3.55 ± 0.73
Mn (%) ±0.163 0.017 ±0.180 0.1350.028 ± 0.04 0.184 ± 0.013
Sr (%) ±0.183 0.016 0.162 ± 0.022 0.165 ± 0.022 ±0.194 0.011
Sb (%) N.D. b) 0.084 ± 0.023 0.093 ± 0.036 0.141 ± 0.048
Ba (%) N.D. ±0.110 ±0.2180.220 0.279 ±0.128 0.255
As (%) N.D. ±0.002 0.004 ±0.122N.D. 0.024
B
Surrounding seawater
a) Standard deviation (n  = 4).
b) Not detected.
   sampling site A C
Submarine hot springwater sampling sites
Table 2 Average (0-4 cm depth) elemental composition (weight%) of sediments collected at the sampling 
sites of the submarine hot springwaters and the surrounding seawater in November 2015. 
Fig. 6 Concentration (weight%) of iron (Fe), manganese
(Mn), sulfur (S), antimony (Sb), barium (Ba) and
arsenic (As) in the sediment cores collected at the
sampling sites of the submarine hot springwaters
(SHS-A~C) and the surrounding seawater (SS) in
November 2015. The sediment was sliced in 1 cm
sections down to 4 cm. Missing values are below
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